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It is necessary to identify aerosol sources and estimate their influence on ambient PM concentration in order to 
formulate effective control strategies for ambient particulate matter.

Recently, the improvement of sampling technique makes it possible to extract much information on the pollution 
source.

This study presents the analysis results of size- and time-resolved samples simultaneously collected using an 
eight-stage Davis rotating unit for monitoring (DRUM) sampler from 24 March to 18 April in 2001 at Gosan, Korea 
and at Beijing, China during the Asia-Pacific Regional Aerosol Characterization Experiment (ACE-Asia). 

The size-resolved data sets were then analyzed using the positive matrix factorization (PMF) technique in order to 
identify possible sources and estimate their contribution to particulate matter mass.
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INTRODUCTION PMF RESULTS

SAMPLING AND ANALYSIS
Ambient aerosol collection was continuously made at Gosan super site (33.29°N, 126.16°E, 78m ASL), Beijing 
(39.92°N, 116.42°E, 55m ASL), Hefei (31.90°N, 117.16°E), and Tango (35.7°N, 135.17°E, 600m ASL) from 24 
March to 18 April 2001. 
One Asian dust outbreak (4/10~14) was observed during ACE-Asia.

SIZE DISTRIBUTION OF TRACE ELEMENTS

DATA ANALYSIS USING PMF

1.1. Source identificationSource identification
Overall, ten distinct primary sources were resolved for the ambient aerosols collected at Gosan and Beijing during 
ACE-Asia, respectively.

2.2. Average profiles of the resolved sourcesAverage profiles of the resolved sources

3.3. Total source contributionsTotal source contributions

4.4. Temporal variation of the resolved sourcesTemporal variation of the resolved sources
In order to investigate the long-range transport of particulate pollutant, the time series of source contribution at 
two sampling sites were compared with the air mass trajectories.

Comparison of temporal variation of source contribution and air mass trajectories suggested that several 
common sources could be transported from the continent to background region during subdivided periods.

SUMMARY AND CONCLUSION
The long-range transport of particulate pollutants was investigated by using the size- and time-resolved DRUM 
data and PMF receptor model.

As a result, ten sources were resolved in eight size ranges (0.07~12 um) at Gosan and Beijing, and eight sources 
were commonly observed at two sites.

Common eight sources included continental soil, biomass/biofuel burning, municipal incineration, ferrous metal 
related source, gasoline vehicle, diesel vehicle, coal combustion, and oil combustion.

The average profiles of them in different size ranges were considerably similar at two sites implying that these 
sources could be originated from same emission source.

In addition, the time series of several source intensities at two sites suggested the possibility of long-range 
transport during sectional periods.

2008 National Air Quality Conferences, 6-9 April 2008, Portland, Oregon, U.S.A.2008 National Air Quality Conferences, 62008 National Air Quality Conferences, 6--9 April 2008, Portland, Oregon, U.S.A.9 April 2008, Portland, Oregon, U.S.A. National Institute of National Institute of 
Environmental ResearchEnvironmental Research

The DRUM sampler continuously collects the size-resolved 
aerosol samples on ApiezonTM coated MylarTM strips in eight 
stages. The equivalent aerodynamic cut-off diameter of each 
stage is 0.07, 0.24, 0.34, 0.56, 0.75, 1.15, 2.5, 5.0㎛.

The collected aerosol samples were then analyzed for 19 
elements (S, Si, Al, Fe, Ca, Cl, Cu, Zn, Ti, K, Mn, Pb, Ni, V, 
Se, As, Rb, Cr, Br) using synchrotron X-ray fluorescence by 
DELTA Group in UC Davis.

The resolved source profiles were similar with the 
other ones obtained from the data measured at 
spring in 2002.

In addition, common sources at two sites showed 
considerably similar average profiles. 

Preferentially, the collected data at 
Gosan and Beijing were analyzed 
in detail in order to estimate the 
possibility of long-range transport 
of particulate pollutants. 
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PMF (Two-way Positive Matrix Factorization, Paatero, 1997) analysis is applied to the size-segregated 
measured data.

X = GF + E (1)
(gik : source contributions, fkj : source compositions, eij : residuals)

(gik≥0 and fkj≥0, sij : error estimate for xij) (2)

(p= the number of factor extracted) (3)

Robust mode (α=4), Fpeak parameters are used.

The information from the scaled residual matrix (R , rij=eij/sij) in PMF is used to reduce the ambiguity due to 
manual judgment on the number of factors (Lee et al., 1999).

⇒ IM (the maximum individual column mean) : (4)

IS (the maximum individual column standard deviation) : (5)
Fpeak value is determined in a range within which Q value (2) remains relatively constant to reduce the ambiguity 
due to the rotational freedom. 
At this time, the largest element in Rotmat (rotational matrix) have to be as low as possible. 
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Corresponding sources of the resolved 
sources were estimated from the index 
species of various sources and the 
known profiles obtained from previous 
works.

Among the resolved sources at Gosan, 
Korea, eight sources were overlapped 
with the ones extracted at Beijing, 
China: 

continental soil
biomass/biofuel burning
municipal incineration
ferrous metal related source
gasoline vehicle
diesel vehicle
coal combustion
oil combustion

Gosan, Korea Beijing, China

The total amount of particulate matter 
at Beijing was more than 3 times 
higher than that at Gosan.

The contribution of natural source 
containing sea salt, continental and 
local soil was more than 50% at 
Gosan while the anthropogenic 
sources largely contributed at Beijing 
such as municipal incineration.
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